We describe the orthopaedic management of progressive genu varum in a child who manifested the full phenotypic characterization of DyggveMelchior-Clausen syndrome.
Background
Dyggve-Melchior-Clausen syndrome (DMC) and SmithMcCort dysplasia (SMC) are rare autosomal recessive osteochondrodysplasias. DMC was first described by Dyggve et al. in 1962 and SMC was originally described by Smith and McCort in 1958 as skeletal dysplasias. Because both of the genes responsible for these disorders are localized on the same chromosome, they are thought of as allelic disorders. DMC and SMC are both disorders of bone and cartilage that are characterized by short trunk and extremities and a barrel shaped chest, in addition to mental retardation and microcephaly [1] , [2] , [3] , [4] . The radiographic appearances of both disorders are similar. Because of vertebral changes, differential diagnoses must include achondroplasia, brachyolmia (spondylodysplasia), spondylometaphyseal dysplasia, spondyloepimetaphyseal dysplasia, Morquio syndrome and metatropic dysplasia, which all cause irregularities on the end-plates of vertebrae and platyspondyly [5] . Several studies have been published regarding DMC syndrome, very little included the orthopaedic management.
Case presentation
A 10-year-old boy was referred to our department because of short stature, waddling gait and skeletal maldevelopment. He was born in term after uneventful gestation, with birth length of 47 cm, and weight of 3100 g. He is the second son of the mother, but from the second marriage of non-consanguineous parents. Parents and first child are healthy without any family history of short stature, pathological gait, mental retardation and skeletal maldevelopment. His subsequent course of development has been of relative retardation in acquiring the skills of motor development. Walking has been achieved at the age of 18 months albeit with difficulty. A crouching stance was a prominent feature. Clinical examination at the age of 10 years showed: short stature (-3SD). Occipitofrontal circumference was around (-1SD). The phenotypic features were characteristic for DMC syndrome (Figure 1 ). Skeletal survey and imagings were specific for this dysplasia, especially on pelvis radiographs -lacy appearance of the iliac crests were evident (Figure 2, Figure 3 , Figure 4 ). Hearing and vision were normal. Neurological examination was normal but intelligence was subnormal. Craniocervical 3D reconstruction CT scan showed normal atlanto-dens distance with no odontoid hypoplasia. Note the calvarial thickening of the occipital region ( Figure 5 ). Laboratory examinations showed normal phosphorus, alkaline phosphatase and calcium levels. Urine aminoacids and urinary excretion of mucopolysaccharides have been investigated (two dimensional electrophoresis of glycosaminoglycans in the urine and measurement of alpha-L-iduronidase and galactose-6-sulphatase enzyme activities were performed to exclude MPS type I and MPS type IVA respectively.
Treatment
The patient was firstly observed in our clinic at the age of 10 years after several years of observation by geneticists with the diagnosis of "spondylo-epi-metaphyseal dysplasia, non-verified type". He underwent regular physical therapy aimed to enhance the mobility of the spine and the articulations. In the last 2 years, we observed significant progression of his genu vara. On the antero-posterior standing radiographs the amount of varus deformity was 25°on the right side and 22°on the left side. Thereby, we used a guided growth technique, aiming to prevent further deterioration ( Figure 6 ). The progressive nature of lower limb deformities and the poor quality of the osseous tissue are adverse factors against the performance of extensive bony surgery such as (osteotomies with internal or external fixation). Thus, minimal-invasive surgery without longlasting immobilisation and full weight bearing immediately after procedure seems to be more advantageous. The post-operative follow-up for the period of six-months, no further progression of the deformity was notable.
The antero-posterior radiographs of the hips showed instability secondary to defective ossification of the capital femoral epiphyses and the acetabulae (micro-architectural deterioration of bone tissue). Migration percentage was 0.8 on the right side and 0.7 on the left side by the bony landmarks. The central-edge angle (Wiberg angle) was -20°on the both sides and Shenton line was somehow distorted. MRI-imagings confirmed the defective ossification of the femoral heads and the acetabular edges with subsequent lateral displacement of the ossification centres. Cartilaginous coverage of the femoral heads was more than 60% (Wiberg angle of +10°by cartilaginous landmarks). At this stage, however, surgical realignment was thought to be non-mandatory. But, nevertheless rapid and severe hip deterioration has to be expected.
Genetics
Neumann et al. [4] former there were null mutations. In a review by Paupe et al. [8] it is stated that to date, there have been 16 different mutations found in 21 families.
Discussion
Dyggve, Melchior, and Clausen reported three siblings from a consanguineous mating in Greenland with "Morquio-Ullrich disease" [1] , [2] , although earlier examples appear to have been published [9] . Patients with DMC syndrome are different than patients with Morquio syndrome. DMC patients had no corneal clouding, no urinary mucopolysaccharides and are mentally retarded. The main features are mental retardation, short stature, short-trunk dwarfism, progressive sternal bulging, and delayed bone age. There is genetic heterogeneity, both autosomal recessive and X-linked recessive (Smith-McCort syndrome) forms have been recognized [3] . In the autosomal recessive form, atlantoaxial instability predisposes to spinal cord compression [10] , [11] . Adult height ranges between 115-127 cm and in the X-linked form between 130-150 cm. By the age of 5 years, disproportionate short stature becomes evident. Joint mobility is somehow restricted. The skeletal changes are present by the age of 4-5 years when flattening of the vertebral bodies associated with radiolucent depression in their mid-portion, can be detected. Within a few years the vertebral bodies become flat and there is a lacy appearance of the iliac crest on pelvic radiographs. The femoral heads are delayed in their ossification and they might be fragmented. Progressive hip dislocation might occur. The skull commonly shows dolichocephaly or microcephaly. The chest is barrel-shape with protruding sternum. The knees have genu valgum or genu varum. The cervical spine may have a narrow canal [1] , [2] , [5] . Naffah and Taleb [11] reported odontoid hypoplasia and C1/2 instability requiring spinal fusion in two patients with DMC syndrome. Cervical spine instability has been considered as a serious danger of severe neurological deficit. Shorr [12] described odontoid hypoplasia and coxa magna Yunis et al. [13] reported a large X-linked pedigree where mental retardation was not a feature and suggested that the cases reported by Smith and McCort [14] and Burns et al. [3] , could be examples of further X-linked cases where mental retardation may not be a feature. Nakamura et al. [15] reported two further cases of the Smith-McCort phenotype. They also showed from iliac crest biopsies that the rough endoplasmic reticulum contains fine granular or amorphous material. This is also seen in cases with mental retardation.
Conclusion
Preventive and corrective orthopaedic surgery is an option in complex management of lower limb deformities. Minimal-invasive surgery (guided growth) may be preferable and further investigations with long-term follow-up are the baseline procedures in the management of such patients.
Learning points
1. Mucopolysaccharidosis Type IVA is one of the most important diseases that must be distinguished from DMC and SMD with radiographic findings. 2. In contrast to Morquio syndrome, our patient has no mucopolysacchariduria and no corneal clouding. 3. Noteworthy features of normal hearing, normal teeth and a normal odontoid with no subsequent atlantoaxial instability, but microcephaly and mental subnormality were notable in our present patient.
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